Summary. Haemolytic favism is a severe, acute anaemia which occurs in glucose-6-phosphate dehydrogenase deficient individuals, usually following the ingestion of Vicia faba seeds. Current interest is focused on the nature of the active substances of Vicia faba and on the causes of the varying susceptibility among G6PD-deficient individuals to episodes of severe haemolysis.
Summary. Haemolytic favism is a severe, acute anaemia which occurs in glucose-6-phosphate dehydrogenase deficient individuals, usually following the ingestion of Vicia faba seeds. Current interest is focused on the nature of the active substances of Vicia faba and on the causes of the varying susceptibility among G6PD-deficient individuals to episodes of severe haemolysis.
The results of experiments in vitro favour the hypothesis that Vicia faba contains several active substances which may act in a synergistic way.
Red cell acid phosphatase and thalassaemia genes appear to play a remarkable role in conditioning the susceptibility to severe haemolysis in G6PD-deficient subjects.
In addition to erythrocyte enzymes and to enzymes which intervene in the absorption and metabolism of the active substances of Vicia faba, another field for future investigations may be that of plasma factors which influence the stability of reduced glutathione in the red cells.
Subjects with red blood cell (RBC) deficiency of G6PD may present episodes of acute haemolytic anaemia (haemolytic favism) after ingestion of Vicia faba beans. The current interest in this severe anaemia is concerned first with the nature of the active substances of Vicia faba responsible for the haemolysis and secondly, with the causes of the considerable inter-individual variability in response to the active substances of Vicia faba in the presence of G6PD deficiency.
Haemolysis in these subjects is preceded by a fall in the level of RBC-reduced glutathione (GSH) (Panizon and Pujatti, 1958) (Mela and Perona, 1959; Walker and Bowman, 1960; Contu et al, 1961; Zacchello, Panizon, and Zanesco, 1964) . From studies on the action of vicine and convicine aglycons* (Lin and Ling, 1962a, b, and c; Mager et al, 1965) on GSH in vitro, it was then suggested that the 'haemolytic principle' of Vicia faba could be identified with some of these substances. However, the glycosides vicine and convicine, both of which are present in Vicia faba, are inactive on GSH (Mager et al, 1965) and it is not known whether the relevant aglycons are present in the extracts of broad beans tested in vitro. A similar action on GSH by ,B-(3-4-dihydroxyphenyl) L-alanine (Ldopa) observed in some studies (Kosower and Kosower, 1967) has not been confirmed by Razin et al (1968) who suggested a synergistic action of this substance with the aglycon of divicine. More recently (Beutler, 1970) it has been suggested that the active haemolytic principle is dopaquinone, produced from L-dopa through the action of tyrosinase. some other genetically determined factor has been suggested by Sartori in 1959 Beutler (1970) has suggested a polymorphism of tyrosinase; this would influence the rate of production of dopaquinone from L-dopa and in turn the susceptibility to haemolysis.
In the present article some recent results obtained by our group (Bottini et al, 1970b and 1971) are briefly reviewed; these contribute to the elucidation of the problems discussed.
Materials and Methods
An extract of Vicia faba in an organic solvent (methanol-chloroform 1: 1 by volume) was fractionated (1) by partition in the two phases of a mixture of chloroformmethanol-water (8:4:3) and (2) by paper ascending chromatography in a mixture of isopropanol (4670%), ethanol (2330oo), formic acid (2 5%,,), and water (27-59o).
The crude extract and its fractions were incubated in both aerobic and anaerobic conditions at 37' C either with a GSH solution, 0 005 M in phosphate buffer pH 7.4 (I=0 1) with 0 02M EDTA, or with a suspension of RBC from G6PD-deficient male subjects. GSH assay was carried out according to the method of Beutler, Duron, and Kelly (1963) .
The erythrocyte acid phosphatase* phenotype of 173 G6PD-deficient male subjects with a past history of haemolytic favism was determined by starch gel electrophoresis (Hopkinson et al, 1963) . Sixty-nine of these subjects were collected from the population of Rome and 104 from that of Oristano district of Sardinia. The mean ages at the first haemolytic episode were 4 and 17 years respectively. Control groups of individuals from the same populations were also examined or were available from the literature.
Results
The experiments carried out with our extract and its fractions have shown the existence in Vicia faba * Acid phosphatase is an SH-dependent erythrocyte enzyme with an electrophoretic polymorphism determined, in Caucasian populations, by three common codominant alleles (PA, pB, PC) at an autosomal locus (Hopkinson, Spencer, and Harris, 1963) . Correspondingly there are six phenotypes: A, B, C, BA, CA and CB. In previous in-vitro investigations Modiano, 1964 and Bottini et al, 1967) The two phases obtained from a mixture of chloroform-methanolwater in which a certain amount of highly concentrated extract of Viciafaba had been dissolved, were divided into various fractions and dried at reduced pressure and low temperature.
The dry extract was dissolved with 0-5 ml of ACD solution and 0-6 ml of whole blood from a G6PD-deficient subject was added. After gentle mixing, this suspension was incubated at 37" C in air. At the same time another sample was prepared in the same manner and after shaking in CO current for nearly 5 min, was incubated in CO atmosphere. The controls consisted of mixtures of blood and ACD solution incubated in air or in CO. After three hours of incubation, GSH was assayed in the RBC suspension. Four experiments, indicated in the figure by different symbols, were carried out. Each experiment included incubation of RBC in CO (white symbols) and in air (black symbols) with separate extracts from the aqueous and from the chloroformic phases. In each experiment two other samples of the same blood with ACD were incubated with APH either in the presence of air or of CO. In all cases CO almost totally suppressed the APH effect on RBC GSH.
In the ordinate GSH disappeared during incubation is expressed as a percentage of the value in controls incubated for the same period of time without extract. Both fractions are active on the GSH of G6Pd-deficient RBC: inhibition by CO is strong in the chloroformic phase activity but is much weaker in the aqueous phase activity.
The original data concerning these experiments are reported in Bottini et al (1970b) .
of two substances (or classes of substances) which induce an in-vitro fall of GSH in aqueous solution and in G6PD-deficient intact red blood cells. The effect is very slight or absent on normal RBC (Bottini et al, 1970b) . The results of a series of experiments carried out with fractions obtained by partition in the chloroform-methanol-water mixture are summarized in Fig. 1 . One fraction acts upon the GSH of G6PD-deficient RBC better, or only, in aerobic conditions whereas the second shows the same activity in the presence and absence of oxygen.
Although less intense, activity on GSH similar to that of Vicia faba has also been observed in extracts obtained from Pisum sativum and some other vegetables.
In two groups of G6PD-deficient male subjects Incidence of haemolysis* 0-720 0-314 0-227 * Assuming a mean incidence of 0 30 for favism among G6PD-deficient males and assuming that the distribution of acid phosphatase phenotypes in the whole group of G6PD-deficient males (favic and non-favic) is equal to that observed in the general population (Bottini et al, 1971) with a past history of severe haemolytic favism a marked deficiency in pB, corresponding to an increase in the proportions of both pA and Pc alleles, was observed as compared to controls from the same population (Bottini et al, 1971 ; see Table I ).
Assuming a mean incidence for favism of 30% among G6PD-deficient males, one can calculate that the incidence of haemolytic crisis is 60% for subjects of A and CA phenotype, 35%/for BA and CB subjects, and 20% for G6PD-deficient subjects of phenotype B (Table II) (Jocelyn, 1960; Bottini et al, 1970a) 
